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Abstract of JP1 0058798 
PROBLEM TO BE SOLVED: To predict the 
processing time of formation of a bit image 
with high accuracy, shorten the standby time 
for a printing mechanism and improve the 
throughput. SOLUTION: A data file described 
by a page description language is input by an 
input l/F 20. The above-said data file is 
developed into a bit image by an image 
forming means 23. The processing time 
required for the formation of the bit image is 
predicted based on an attribute information 
added to the data file by a predicting means 
24. The recording start timing of transmitting 
the bit image to an image output means 
(output mechanism for a printer 30) is judged 
by a judging means 25 based on the predicted 
processing time predicted by the predicting 
means 24. An image output means is started 
by an output control means 26 based on the 
recording start timing judged by the judging 
means 25. The state of a mechanism taking 
comparatively long processing time such as a 
picutre quality adjustment mechanism or 
others is provided, and in addition to the 
above-said predicted processing time, the 
recording start timing is judged by the judging 
means 25 based on the state of the above- 
said picture quality adjustment mechanism. 
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SCOPE OF THE PATENT CLAIMED 



1. A printer control apparatus comprising: 

an input means for inputting a data file described in a page 
description language; 

an image generation means for deploying the data file inputted 
by the input means to a bit image; 

an estimation means for estimating a processing time required 
for generating the bit image based on attribute information attached 
to the data file; 

a determination means for determining a recording start timing 
at which the bit image is sent to an output mechanism of a printer 
based on the processing time estimated by the estimation means; and 

an output control means for activating the output mechanism 
of the printer based on the recording start timing determined by 
the determination means. 

2. The printer control apparatus of claim 1, further 
comprising a notification means for monitoring the status of a control 
mechanism influencing a start-up time of the output mechanism of the 
printer and notifying the status, 

wherein the determination means determines the recording 
start timing at which the bit image is sent to the output mechanism 
of the printer based on the processing time estimated by the 
estimation means and the information notified from the notification 
means. 

3. The printer control apparatus of claim 1, further 
comprising: 

a measuring means for measuring an actual processing time when 
the bit image deployment is performed by the image generation means; 

a comparison means for comparing the difference between the 
actual processing time measured by the measuring means and the 
processing time estimated by the estimation means with a 
predetermined threshold value; 

a storage means for storing the actual processing time 
measured by the measuring means together with identification 



information for identifying the corresponding data file based on 
the comparison result of the comparison means; and 

a discrimination means for discriminating whether or not the 
data file inputted by the input means is a data file processed in 
the past based on the identification information stored in the 
storage means, 

wherein, based on the discrimination result of the 
discrimination means, the estimation means estimates the 
corresponding actual processing time as the processing time required 
for generating the bit image. 

4. The printer control apparatus of claim 1, wherein the 
attribute information is object-related information described in 
the page description language including at least the data indicating 
the type, number, and size of an object, and attached as a comment 
statement of the page description language. 

5. A printer control apparatus comprising: 

an input means for inputting a raster data file; 

an image generation means for deploying the raster data file 
inputted by the input means to a bit image; 

a monitoring means for monitoring data transfer status of the 
raster data file; 

an estimation means for estimating a transfer time for 
receiving all of the raster data based on the transfer status of 
the raster data file obtained by the monitoring means; 

a determination means for determining a recording start timing 
at which the bit image is sent to an output mechanism of a printer 
based on the transfer time estimated by the estimation means; and 

an output control means for activating the output mechanism 
of the printer based on the recording start timing determined by 
the determination means. 

6. The printer control apparatus of claim 5, further 
comprising a notification means for monitoring the status of a 
control mechanism influencing a start-up time of the output mechanism 
of the printer and notifying the status, 

wherein the determination means determines the recording 
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start timing at which the bit image is sent to the output mechanism 
of the printer based on the transfer time estimated by the estimation 
means and the information notified from the notification means. 

7. The printer control apparatus of claim 1, further 
comprising: 

a measuring means for measuring an actual processing time when 
the bit image deployment is performed by the image generation means; 

a comparison means for comparing the difference between the 
actual processing time measured by the measuring means and the 
transfer time estimated by the estimation means with a predetermined 
threshold value; 

a storage means for storing the actual processing time 
measured by the measuring means together with identification 
information for identifying the corresponding data file based on 
the comparison result of the comparison means; and 

a discrimination means for discriminating whether or not the 
raster data file inputted by the input means is a raster data file 
processed in the past based on the identification information stored 
in the storage means, 

wherein, based on the discrimination result of the 
discrimination means, the estimation means estimates the 
corresponding actual processing time as the transfer time for 
receiving all of the raster data. 

8, A printer control apparatus comprising: 

an input means for inputting a print data file; 

an image generation means for generating a bit image from the 
print data file inputted by the input means; 

a storage means for temporarily storing the bit image 
generated by the image generation means; 

an estimation means for estimating a readout time for reading 
out the entire bit image from the storage means based on the readout 
performance of the storage means and the size of the bit image; 

a determination means for determining a recording start timing 
at which the bit image is sent to an output mechanism of a printer 
based on the readout time estimated by the estimation means; and 
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an output control means for activating the output mechanism 
of the printer based on the recording start timing determined by 
the determination means. 

DETAILED DESCRIPTION OF THE INVENTION 

[0001] 

Field of the Invention 

The present invention relates to a printer control apparatus 
for controlling a printer that performs printing by receiving a page 
description language or a bit image of a single page. 
[0002] 

Description of the Related Art 

Recently, page description language compliant printers have 
been spreading widely. They print out an image of a single page by 
interpreting a page description language (PDL) representing each 
of the drawing objects (text, graphics, image, and the like), and 
used for printing out an image (including a character) edited by 
image editing systems such as computers and the like in order to 
improve reproducibility, accuracy, and the like. For such printers, 
Colorization and higher speeds are in progress, and the trend will 
be more and more increased in the years to come. 
[0003] 

Now/ Figure 15 is a conceptual diagram, illustrating an 
environment in which a page description language compliant printer 
is used, and Figure 16 is a conceptual diagram, illustrating data 
flows between a client and the page description language compliant 
printer. In the drawing, a plurality of clients la, lb, lc, a page 
description language compliant printer 2, and other devices 3, 4, 
5 are connected to each other through a network 6, such as a LAN' 
(Local Area Network) or the like. The clients la, lb, lc send raster 
data, which are print information or bit image information written 
in a PDL, to the page description language compliant printer 2 on 
the network 6. 
[0004] 

The page description language compliant printer 2 includes 
at least a printer control unit 7 and an output unit 8. When the 
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print information written in a PDL described above is received, 
raster data are generated by the printer control unit 7 by 
interpreting the print information, and the raster data are printed 
out on a sheet 9 by the output unit 8, while raster data are directly 
received, they are directly printed out on the sheet 9 by the output 
unit 8. 
[0005] 

Next, Figure 17 is a block diagram of the page description 
language compliant printer described above, illustrating the 
schematic configuration thereof. In Figure 17, when print 
information PI sent from a client is inputted, a communication 
protocol control section 10 supplies the print information PI to 
an image generation section 11 and at the same time supplies a paper 
feed instruction signal SI to a recording unit 14. The image 
generation section 11 converts the print information PI to bit image 
information BI of a type required by the recording unit 14 and outputs 
the converted bit image information BI. The bit image information 
BI is supplied to the recording unit 14 at a predetermined timing 
through an interface 12. It is noted that the bit image information 
BI is also stored in a hard disk unit 13 as required. Upon receipt 
of the paper feed instruction signal SI from the communication 
protocol control section 10, the recording unit 14 feeds one sheet 
15, conveys it to a printing position at a predetermined timing, 
prints the bit image supplied also at the predetermined timing at 
the printing position according to a predetermined method, and 
discharge the sheet 15 after the printing of a single page is 
completed . 
[0006] 

In the conventional page description language compliant 
printer described above, however, the processing time of the image 
generation section 11, i.e., the time required for converting to 
a bit image varies greatly depending on the contents of the PDL 
statement. This has caused a problem for a high-speed printer that 
performs high-speed printing by serially loading a recording sheet 
for a plurality of pages' inside of the printing mechanism of the 
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recording unit 14. that the deployment to a bit image is not completed 
by the recording start timing and a loaded sheet 15 is discharged 
unprinted or printed halfway if a PDL statement that requires a long 
time for deployment to a bit image is inputted to the image generation 
section 11. 
[0007] 

Consequently, for example, Japanese Unexamined Patent 
Publication No. 6 (1994) -143758 prevents a loaded recording sheet 
from being discharged unprinted or printed halfway by estimating 
the processing time of the image generation section and controlling 
the paper feed timing based on the estimated processing time. Figure 
18 is a block diagram of the page description language compliant 
printer disclosed in Japanese Unexamined Patent Publication No. 
6 (1994) -143758, illustrating the schematic configuration thereof. 
In Figure 18, components identical to" those shown in Figure 17 are 
given the same reference symbols and will not be elaborated upon 
further here. In Figure 18, when print information PI sent from a 
client is inputted, a communication protocol control section 10 
supplies the print information PI to an image generation section 
11, and at the same time interprets the contents of the print 
information PI and sends the language type and character types used 
to an arithmetic section 16. 
[0008] 

The image generation section 11 converts the print information 
PI to bit image information BI of a type required by the recording 
unit 14 and outputs the converted bit image information BI. The bit 
image information BI is supplied to the recording unit 14 at a 
predetermined timing through an interface 12. It is noted that the 
bit image information BI is also stored in a hard disk unit 13 as 
required. In the mean time, the arithmetic section 16 corrects an 
. error in the deployment processing time due to the difference in 
the character types with an appropriate value using a standard 
processing time required for deployment of a single character of 
the character information uniquely determined from the language type 
of the print information PI, character types used, and performance 
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of the hardware, and estimates the deployment processing time for 
a single page. Further, the arithmetic section 16 sends the paper 
feed instruction signal SI to the recording unit 14 according to 
the estimated deployment processing time (i.e., estimated processing 
time) . Upon receipt of the paper feed instruction signal Si from 
the arithmetic section 16, the recording unit 14 feeds one sheet 
15, conveys it to a printing position at a predetermined timing, 
prints the bit image supplied also at the predetermined timing at 
the printing position according to a predetermined method, and 
discharge the sheet 15 after the printing of a single page is 
completed. 
[0009] 

Problem to be Solved by the Invention 

In the page description language compliant printer described 
above, the conventional printer control unit sets a deployment 
processing time per character and a standard processing time for 
each graphic .with reference to the deployment processing of a 
particular PDL. Then these processing times are weighted with 
appropriate values which are different from PDL to PDL, and an 
approximate deployment processing time is estimated according to 
the file size of a single page. In PDL, however, the correlation 
between a file size and an estimated processing time for the file 
is small. Further, the processing load differs depending on the 
linguistic characteristics. Therefore, the conventional printer 
control unit is not always able to accurately estimate a time close 
to the time for actual processing. 

[ooiol 

This has caused a problem for a high-speed printer that 
performs high-speed printing by serially loading recording sheets 
for a plurality of pages inside of the printing mechanism of the 
recording unit 14 that use of the conventional printer control unit 
causes the image generation section 11 to complete the deployment 
to a bit image earlier than the recording start timing obtained from 
the estimated processing time estimated by the printer control unit 
if a PDL which is deployed to a bit image in a short time in the 
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image generation section 11 is inputted, causing the printing 
mechanism to stand by for a long time and thereby the throughput 
is decreased. 
[0011] 

Further, of the operations of the page description language 
compliant printer, the conventional printer control unit focuses 
only on processing of PDL, and does not consider processing when 
raster data, which are bit image data or slightly processed bit image 
data, are inputted- That is, raster data having a large data size 
in comparison with print information described in a PDL are likely 
to be influenced by a traffic congestion when many clients and servers 
are connected to the network as illustrated in Figure 15, and the 
time required for receiving raster data of a single page varies 
depending on the degree of the traffic congestion. This has caused 
a problem that a loaded sheet is discharged unprinted or printed 
halfway when raster data, which are bit image data or slightly 
processed bit image data, are inputted. 
[0012] 

Still further, the conventional print control unit controls 
the paper feed timing based only on the estimated processing time 
estimated thereby. This has caused a problem, when an image quality 
adjustment requiring a relatively long time, like that provided with 
a high-speed color printer or the like, is performed on a deployed 
bit image that the image quality control on the bit image is not 
completed by the recording start timing and a loaded sheet is 
discharged unprinted or printed halfway. 
[0013] 

Further, recent printers are controlled to standby cool in 
consideration of cost reduction or effect on the environment, so 
that it is necessary to restart quickly in order to perform continuous 
high-speed printing of different types of documents. 
[0014] 

The present invention has been developed in view of the 
circumstances described above, and it is an object of the present 
invention to provide a printer control apparatus capable of 
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estimating processing times for different types of print information 
and determining recording start timing with a high degree of accuracy, 
and at the same time capable of increasing throughput by reducing 
standby time of the printing mechanism as much as possible. 
[0015] 

Means for Solving the Problem 

In order to solve the problems described above, the invention 
described in claim 1 includes: an input means for inputting a data 
file described in a page description language; an image generation 
means for deploying the data file inputted by the input means to 
a bit image; an estimation means for estimating a processing time 
required for generating the bit image based on attribute information 
attached to the data file; a determination means for determining 
a recording start timing at which* the bit image is sent to an output 
mechanism of a printer based on the processing time estimated by 
the estimation means; and an output control means for activating 
the output mechanism of the printer based on the recording start 
timing determined by the determination means. 
[0016] 

Further, the invention described in claim 5 includes: an input 
means for inputting a raster data file; an image generation means 
for deploying the raster data file inputted by the input means to 
a bit image; a monitoring means for monitoring data transfer status 
of the raster data file; an estimation means for estimating a transfer 
time for receiving all of the raster data based on the transfer status 
of the raster data file obtained by the monitoring means; a 
determination means for determining a recording start timing at which 
the bit image is sent to an output mechanism of a printer based on 
the transfer time estimated by the estimation means; and an output 
control means for activating the output mechanism of the printer 
based on the recording start timing determined by the determination 
means. 
[0017] 

Still further, the invention described in claim 8 includes: 
an input means for inputting a print data file; an image generation 
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means for generating a bit image from the print data file inputted 
by the input means; a storage means for temporarily storing the bit 
image generated by the image generation means; an estimation means 
for estimating a readout time for reading out the entire bit image 
from the storage means based on the readout performance of the storage 
means and the size of the bit image; a determination means for 
determining a recording start timing at which the bit image is sent 
to an output mechanism of a printer based on the readout time estimated 
by the estimation means; and an output control means for activating 
the output mechanism of the printer based on the recording start 
timing determined by the determination means. 
[00181 

According to the present invention, a processing time required 
for generating a bit image is estimated based on attribute 
information describing the type, number, size, and the like of an 
object attached to a data file described in a page description 
language, a recording start timing (completion timing of the bit 
image generation) at which the bit image is sent to an output mechanism 
of a printer is determined based on the estimated processing time, 
and the output mechanism of the printer is activated based on the 
recording start timing. This allows the processing time for 
processing an inputted data file described in a page description 
language to be estimated with a high degree of accuracy, so that 
an advantageous effect of reducing waste including incorrect 
outputting and the like may be obtained. Further, the advantageous 
effects of improved estimation accuracy, reduced overall processing 
time, and efficient performance of continuous printing of different 
types of documents may be obtained. 

Further, the network status is monitored, so that the 
advantageous effects of outputting even such raster data that require 
a long time for the data transfer at an appropriate timing, high-speed 
printing thereof, and reduced power consumption may be obtained. 
Further, the advantageous effects of reduced overall processing time 
and efficient performance of continuous printing of different types 
of documents may be obtained by improving the estimation accuracy. 
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[0019] 

EMBODIMENTS OF THE INVENTION 
Hereinafter, an embodiment of the present invention will be 
described with reference to the accompanying drawings. 
[0020] 

A. Configuration of Embodiment 
A-l Configuration of Printer 

Figure 1 is a block diagram of a printer employing the printer 
control apparatus according to an embodiment of the present invention, 
illustrating the configuration thereof. Figure 2 is a block diagram 
illustrating image data flows (solid lines) in the printer shown 
in Figure 1, and Figure 3 is a block diagram illustrating data flows 
of estimation system (dotted lines) in the printer shown in Figure 
1. In the drawings, the input I/F 20 is connected to a network, and 
receives data (PDL, bit image) from a client and supplies them to 
the data control means 21. The data control means 21 discriminates 
the data described above and controls each section, described later, 
according to the type of the data to cause appropriate processing 
to be performed. Next, the monitoring means 22 monitors transferring 
status of the data (bit image) to the data control means 21 to measure 
a transfer time required to receive a several blocks of data and 
supplies to the data control means 21 . It is noted that the monitoring 
means 22 may be included in the data control means 21. 
[0021] 

If the data described above are PDL data, the image generation 
means 23 interprets the PDL, deploys it to a bit image, and supplies 
the bit image to the data control means 21. The estimation means 
24 estimates a deployment time of the image generation means 23 based 
on information supplied from data control means 21 and supplies to 
the determination means 25 as an estimated processing time. The 
determination means 25 determines the recording start timing for 
recording the bit image according to the estimated processing time 
estimated by the estimation means 24 and the status of the printing 
mechanism detected by the status detection means 28. 
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[0022] 

The output control means 26 controls the printing mechanism 
of the image output means 30 based on the determination result of 
the determination means 25, receives the bit image from the data 
control means 21 or reads out from the secondary storage means 27 
if spooled, and supplies to image output means 30. The secondary 
storage means 27 is formed of, for example, a large capacity storage 
device, such as a hard disk, and used for temporarily spooling 
(storing) inputted data, storing a past deployment time (actual time) , 
or temporarily storing image data deployed to a bit image for 
outputting. The status notification means 28 monitors the statuses 
of the image quality adjustment mechanism and printing mechanism, 
obtains these statuses through the image quality adjustment means 
29 and image output means 30, and notifies to the determination means 

25 as required. The image quality adjustment means 29 performs an 
image quality adjustment based on the environment and conditions. 

.The image output means 30. is activated by the output control means 
26, and prints the bit image supplied from the output control means 

26 on a sheet. 
[0023] 

In the configuration described above, a control means for 
controlling a mechanism that requires time to start up, such as a 
preheating means for starting up the image output means 30 may be 
provided, instead of the image quality adjustment means 29. The 
secondary storage means 27 is not necessarily used for temporarily 
spooling data. The printer control apparatus according to the present 
embodiment includes a CPU (Central Processing Unit) , a ROM (Read 
Only Memory) , a RAM (Random Access Memory) , and the like, and the 
function of each of the means described above is performed by 
executing a program stored in the ROM on the CPU. 
[0024] 

A-2. Attribute Information and Estimation of Deployment Time 

Next, attribute information used for processing print 
information described in a PDL, and estimation of deployment time 
based on the attribute information" will be described. Figure 4 is 
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a conceptual diagram illustrating an example document including 
graphics and texts. Application software (application S/W) operating 
on a client recognizes each graphic element in the document shown 
in Figure 4 as a graphic object and holding as internal data. When 
printing/ the application S/W converts the data held inside thereof 
to data described in a PDL and send to the printer. Figure 5 
illustrates an example document shown in Figure 4 represented in 
a PDL (hereinafter, the document is referred to as the "PDL document" ) . 
The PDL includes primitive commands, including DEFINE command, MOVE 
command, LINE command, CURVE command, FILL command, PRINT command, 
assignment command, TEXT command, and the like. Each of the primitive 
commands will now be described. 
(0025J 

The DEFINE command is a command to define a graphic object 
by a group of primitive PDL commands. For example, in the example 
shown in Figure 5, an isosceles triangle object, TRIANGLE is defined 
by three LINE commands, one DIV command, and one FILL command. Next, 
the MOVE command is a command to specify the bottom left position 
of an object to be drawn by the X coordinate and Y coordinate of 
a frame buffer. LINE command is a command to draw a line. The FILL 
command is a command to fill an area enclosed by a LINE command and 
a CURVE command with a gray level specified by an argument. The CURVE 
command is a command to draw a Bezier curve. The PRINT command is 
a command to output an image drawn in the frame buffer to a printer. 
Next, the TEXT command is a command to draw a character string by 
specifying the font and point size. The assignment command is a 
command to hold a numeric value in a variable. It is noted that Figure 
5 includes commands related to the present invention only, and other 
commands are omitted. 
[0026] 

The application S/W converts the graphic portion to a page 
description in which graphic objects are defined using primitive 
commands, and a page description in which execution of the specified 
graphic objects is specified. The text in the left half of the PDL 
document shown in Figure 5 corresponds to the definition section 
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of the graphic objects defined by PDL primitives, and the text of 
the right half corresponds to the execution specification section 
of the graphic objects and specification section of text drawing . 
[0027] 

The above description is a PDL document creation flow by 
ordinary application S/W. In addition, attribute information 

(profile) is created in the present embodiment. Hereinafter, a method 
for creating the attribute information will be described. 

[0028] 

In the present embodiment, the application S/W of a client 
creates the attribute information shown in Figure 6. The attribute 
information is formed of three sections: command usage detail 
information for each graphic object; graphic object drawing 
statistical information and text object statistical information. 
[0029] 

The command usage detail information for each graphic object 
is attribute information that represents the number of times each 
primitive must be executed with respect to each graphic object. The 
example shown in Figure 6 indicates, for example, that the LINE 
commands, DIV command, and FILL command must be executed three times, 
one time, and one time respectively in order to draw the isosceles 
triangle object, TRIANGLE. 
[0030] 

The graphic object drawing statistical information represents 
the number of graphic objects of each type to be drawn with respective 
sizes indicated separately. For example, the example of Figure 6 
indicates that the isosceles triangle object, TRIANGLE will be drawn 
once with a size of 20, and once with a size of 100. Here, the referent 
of "size" indicates the area of the frame buffer where drawing is 
actually performed, and is used for estimating a fill time of a FILL 
command . 
(0031] 

The text statistical information represents character types 
and total character count with respect to each point size. The 
referent of "character types" as used herein means the number 



obtained by subtracting a duplicated character from the total 
character count. For example, the character string "EXAMPLE" 
includes seven characters, but the character types are six since 
character "E" is duplicated. The character types are used to estimate 
the time required to deploy the characters, and alphabet, hiragana 
(Japanese syllabary character) , and the like are indicated 
separately. Hereinafter, each character set of alphabet, hiragana, 
and the like is referred to as a font. In the present embodiment, 
five fonts are provided, including an alphabet font, a hiragana font, 
and the like. 
[0032] 

The character count is used for estimating the time required 
to transfer a bit map generated in the font cache to the frame buffer. 
The transfer time is dependent only on the character size, so that 
the types of characters may be disregarded, and requires only a total 
character count with respect to each size in order to estimate the 
transfer time. 
[0033] 

The application S/W of a client attaches the attribute 
information described above to a top section of the original PDF 
document in a comment format, as illustrated in Figure 7. A line 
starting with w %" is interpreted as a comment by the PDL in the present 
embodiment, and does not influence the deployment at all. The 
attachment of the attribute information in a comment format in the 
manner as described above allows a PDL interpreter not able to use 
attribute information to deploy the PDL document according to the 
present embodiment (Figure 7) without any difficulty. 
[0034] 

Next, a procedure for estimating the deployment time from the 
attribute information described above by the PDL interpreter will 
be described. The time T required for deploying a single page may 
be calculated by the following formula. 

T = GT + FT ' (0 

where, GT is the time required for drawing all of the graphics in 
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the page, and FT is the time required for drawing all of the characters 
in the page. GT may be expressed by the following formula. 
[0035] 

GT= £GT OBJ ( 2 ) 

for all OBJ 

where, GT 0B j is a drawing time of each graphic object, which may be 
expressed by the following formula. 
[0036] 

GT 0BJ = ^ (ST pRIM *N 0 BJJ>RIM X KpRIM ) " (3) 
for all OBJ 

where, ST PR iMis the standard processing time of each primitive command, 
N 0B j,prim is the frequency of a particular primitive command used for 
a graphic object, and Kprim is the correction factor of the standard 
processing time for each primitive command. 
[0037] 

STprim may be obtained by performing a running test for each 
of the primitive commands by the interpreter in advance at the time 
of initialization and storing the execution time. The execution times 
of some of the primitive commands may vary depending on the input 
parameter. But, for such primitive commands, the execution time may 
be measured by fixing the parameter to a certain value, and the 
parameter and execution time may be stored in a memory associated 
with each other. For example, for the LINE command, the measurement 
may be made for a line with a length of 10. 
[0038] 

N 0 bj,prim may be given by the usage detail information for each 
graphic object of the attribute information shown in Figure 6. Kprim 
is the correction factor for correcting ST PRIM and given to each 
primitive command. K PKLH may be calculated from the graphic object 
drawing statistical information of the attribute information shown 
in Figure 6. For example, for the LINE command, a value obtained 
by dividing the square root of the area of a drawing region of a 
graphic object given by the attribute information by a drawing time 
for a line with a length of 10 may be used as Kprim. 
.(0039] 
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In the mean time, FT in the formula (1) may be expressed by 
the following formula. 

FT = RT + XT (4) 

where, RT is the time required for rasterizing all of the character 
types in a page, and XT is the time required for transferring all 
of the characters in the page. RT may be expressed by the following 
formula. 
• [0040] 

RT= £ RT PoiKr (5) 

for all POINT 

where, RTpoint is the rasterizing time for all character types in a 
particular point size, which may be expressed by the following 
formula. 
[0041] 

RT POJNT =K poim >c ( ART point * M point ) < 6 > 

forallPOINT 

where, Kpoint is a correction factor of the standard rasterizing time 
for a particular point size. ARTpoint is the average rasterizing time 
of a particular font of the standard point size, and Mpoint is the 
character types used in a particular point size. 
[0042] 

In the present embodiment, the interpreter raster izes some 
or all of the characters of a particular point size, e.g., 12 point, 
and measures the rasterizing times at the time of initialization. 
Then, the average rasterizing time is stored in a memory and used 
as the standard rasterizing time. For 10 point characters, a value 
which is greater than or equal to "0" and not greater than "1" is 
set as Kpoint with respect to the standard rasterizing time of 12 point 
in order to compensate for the point size difference. M?oint may be 
obtained from the attribute information attached to the PDL supplied 
from the client. 
[0043] 

Next, XT in formula (4) may be expressed by the following 
formula . 
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*T= ■— (7 > 

forallPOINT 

where, XTpoiw is the total transfer time of all of the characters 
of a particular point size, which may be expressed by the following 
formula. 
[0044] 

XT POINT" POINT X ^ POINT ^ 

where, AXTpoint is the average transfer time for a particular point 
size, and Npoint is the number of characters used in a particular point 
size. In the present embodiment, the interpreter measures the 
transfer time from the font cache to the frame memory for each point 
size at the time of initialization and stores in a memory. Thereby, 
AXTpoint may be obtained for each point size. Npoint may be obtained 
from the attribute information attached to the PDL supplied from 
the client. 
[0045] 

Next, estimation of time to the output start timing for raster 
data will be described. First, a data size is supplied from a client 
as input data. The print control apparatus retains the data size, 
and measures the time required for receiving actual data subsequently 
sent from the client in appropriate blocks. Here, one block means 
an amount of data received at a time. Now, assuming the total data 
size to be 500K bytes, transfer time for 10 blocks to be 150ms, and 
data size of one block to be 1024 bytes, the estimated time may be 
expressed by the following formula. 

Total Data Size x Transfer Time for Standard Number of Blocks 

Data Transfer Time = — — ~rr — — — : — - — , ~ — r — ; 

Data Size of One Block x Standard Number of Blocks 

= 5000,000x150 = 732422wj 
1024x10 

(0046] 

B. Operation of the Embodiment 
[0047] 

3-1 Input Determination Process 
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Figure 8 is a flowchart illustrating an input determination 
process that determines whether or not the data sent from a client 
are to be spooled, discriminates the type of the data (print 
information described in a PDL, raster data), and directs the data 
to the appropriate processing according to the type of the data. 
Data from a client (print information described in a PDL, raster 
data) are received by the input I/F 20 and processed according to 
the flowchart shown in Figure 8. First, a determination is made as 
to whether or not the input data are to be spooled in the secondary 
storage means 27 in step Sal, and if the determination result is 
positive, the data are stored in the secondary storage means 27 in 
step Sa2. In this case, the determination criterion in step Sal is 
a user-defined criterion, which may be a uniquely determined 
criterion for the device . If the device does not include the secondary 
storage means 27, the data are forced not to be spooled. 
[0048] 

Next, a determination is made as to whether the input data 
are print information described in a PDL or raster data in step Sa3, 
and if the input data are determined to be print information described 
in a PDL, the process proceeds to step Sa4 to perform processing 
for the PDL, and if the input data are determined to be raster data, 
the process proceeds to step Sa5 to perform processing for the raster 
data. 

[0049] 
B-2 .PDL Processing 

Figure 9 is a flowchart illustrating a process when print 
information described in a PDL is supplied from a client. First, 
a determination is made as to whether or not attribute information 
is included in the print information described in a PDL in step Sbl. 
If it is determined that the attribute information is not included 
in the print information, the print information is deployed to a 
bit image by the image generation means 23 in step Sb2, and an 
activation command is issued to the print control section in step 
Sb3. Accordingly, the estimation of deployment time is not performed 
in this case. Thereafter, the bit image is transferred to Che printing 
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section (image output means 30) in step Sbll, and the printing is 
performed in step Sbl2. 
[0050] 

In the mean time, if it is determined that the attribute 
information is included in the print information, a determination 
is made as to whether or not the print information has been processed 
in the past in step Sb4. More specifically, the secondary storage 
means 27 storing past attribute information is searched to check 
if the same attribute information is found. If the same attribute 
information is found, the process proceeds to step Sb5 to search 
the past deployment time with the attribute information as the key, 
and the search result is supplied to the estimation means 24. On 
the other hand, if the same attribute information is not found, the 
attribute information attached to the inputted print information 
is supplied to the estimation means 24. 
[0051] 

If the attribute information is supplied, the estimation means 
24 retrieves respective data of the attribute information in step 
Sb6, and calculates estimated processing time required for 
generating an image according to the formulae described above in 
step Sb7 . If a deployment time based on the past attribute information 
is supplied directly, the estimation means 24 supplies the deployment 
time directly to the determination means 25 as the estimated 
processing time. 
[0052] 

The determination means 25 determines the activation timing 
in step Sb8 based on a remaining time from the present time to the 
time when generation of the bit image is completed obtained from 
the estimated processing time and operational statuses of the output 
mechanisms, such as image quality adjustment means, image output 
means 30, and the like obtained from the notification means. If the 
remaining time is within the start-up time of the printing section, 
determination means 25 instructs the activation timing to the output 
control means 26 in step SblO. On the other hand, if the remaining 
time is not wichin the start-up time of the printing section, the 
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determination means 25 adjust the activation timing of the output 
mechanisms in step Sb9 such that the time point when the output 
mechanisms become operable corresponds to the time point when the 
bit image deployment is completed, and instructs the activation 
timing to the output control means 26 in step SblO. The operations 
of the determination means 25 and output control means 26 will be 
described in detail later. Next, the determination means 25 causes 
the data control means 21 to transfer the bit image to the image 
output means 30 through the output control means 26 in step Sbll. 
Then, the output control means 26 causes the output mechanisms to 
operate by controlling the operation timing of the output mechanisms 
according to the instruction from the determination means 25 in step 
Sbl2. In the present embodiment, the image quality adjustment means 
and image output means 30 are activated by controlling the timing 
thereof. The image output means 30 feeds a sheet, draws the bit image 
thereon, and discharges the sheet according to the control of the 
output control means 26. 
[0053] 

B-3 Raster Data Processing 

Figure 10 is a flowchart illustrating a process when raster 
data are supplied from a client. For raster data, the operation timing 
of the output mechanism is estimated based on the data transfer speed. 
First, data control means 21 supplies the raster data size initially 
supplied from a client to the estimation means 24 in step Scl. Next, 
for actual data (raster data) supplied from the client following 
the raster data size, a time (transfer time) required for receiving 
initial several blocks of data is measured by the monitoring means 
22 in step Sc2, and the measured time is supplied to the estimation 
means 24 through the data control means 21. 
[0054] 

The estimation means 24 calculates the transfer time for 
receiving all of the raster data according to the formulae described 
above based on the measured time and the raster data size in step 
Sc3. The determination means 25 determines the activation timing 
in step Sc4 based on a remaining time from the present time to the 



time when receipt of all of the raster data is completed obtained 
from the transfer time, and operational statuses of the output 
mechanisms, such as image quality adjustment means, image output 
means 30, and the like obtained from the notification means. If the 
remaining time is within the start-up time of the printing section, 
determination means 25 instructs the activation timing to the output 
control means 26 in step Sc7. The operations of the determination 
means 25 and output control means 26 will be described in detail 
later. 
[0055] 

On the other hand, if the raster data size is large and the 
remaining time required for receiving all of the raster data from 
the present time is longer than the start-up time, which is a time 
period from the time when the output mechanisms, such as image quality 
adjustment means, image output means 30, and the like are activated 
to the time when they become operable, the process proceeds to step 
Sc5 to measure the transfer time for receiving current several blocks 
(intermediate several blocks) by the data control means 21 again, 
and the measured transfer time is supplied to the estimation means 
24. The estimation, means 24 calculates the remaining time for 
receiving all of the raster data from the present time according 
to the formulae described above based on the remaining raster data 
size and remeasured transfer time in step Sc6 and supplies to the 
determination means 25. The determination means 25 determines the 
activation timing based on a remaining time obtained from the newly 
calculated transfer time in step Sc4 and operational statuses of 
the output mechanisms, such as image quality adjustment means, image 
output means 30, and the like obtained from the notification means. 
Thereafter, the steps Sc4 to Sc6 are repeated until the remaining 
time falls within the start-up time of the printing section. The 
remaining time becomes shorter as the receipt of the raster data 
progresses. Then, when the remaining time falls within the start-up 
time of the printing section, the determination section 25 instruct 
the activation timing to the output control means 26 in step Sc7. 
The ooerations of the determination means 25 and output control means 



26 will be described in detail later. 
[0056] 

Then, the determination means 25 causes the data control means 
21 to transfer the bit image to the image output means 30 through 
the output control means 26 in step Sc8. Then, the output control 
means 26 causes the output mechanisms to operate by controlling the 
operation timing of the output mechanisms according to the 
instruction from the determination means 25 in step Sc9. In the 
present embodiment, the image quality adjustment means and image 
output means 30 are activated by controlling the timing thereof. 
The image output means 30 feeds a sheet, draws the bit image thereon, 
and discharges the sheet according to the control of the output 
control means 26. 

10057] 
B-4 Spooling Process 

Figure 11 is a flowchart illustrating a process when input 
data are temporarily stored in the secondary storage means 27, and 
printing is performed by reading out the data from the secondary 
storage means 27. In this case, the input data are sequentially 
deployed to bit images and spooled in the secondary storage means 
27. Then, a data readout time is estimated by the estimation means 
24 based on the data size and data readout performance of the secondary 
storage means 27 holding the data, and the activation timing of the 
output mechanisms is determined according to the estimated readout 
time. First, the data control means 21 writes the input data into 
the secondary storage means 27 in step Sdl . When the writing operation 
is completed, the data control section 21 confirms the data size 
and supplies to the estimation means 24 in step Sd2. 

[0058] • 

The data control means 21 confirms known readout performance 
of the secondary storage means and supplies the value to the 
estimation means 24 in step Sd3. The estimation means 24 estimates 
the readout time for reading out all of the data from the secondary 
storage means 27 based on the data size described above and the value 
according to the readout performance and supplies the readout time 



to the determination means 25 in step Sd4. The determination means 
25 determines the activation timing based on the readout time and 
operational statuses of the output mechanisms, such as image quality 
adjustment means, image output means 30, and the like obtained from 
the notification means, and instructs the activation timing to the 
output control means 26 in step Sd5. The operations of the 
determination means 25 and output control means 26 will be described 
in detail later. 
[0059] 

Then, the output control means 26 reads out the data from the 
secondary storage means 27 and transfers to the image output means 
30 in step Sd6. The output control means 26 causes the output 
mechanisms to operate by controlling the operation timing of the 
output mechanisms according to the instruction from the 
determination means 25 in step Sd7. In the present embodiment, the 
image quality adjustment means - and image output means 30 are 
activated by controlling the timing thereof. The image output means 
30 feeds a sheet, draws the bit image thereon, and discharges the 
sheet according to the control of the output control means 26. 
[0060] 

B-5 Output Control Process 

Figure 12 is a flowchart illustrating more detailed operations 
of the determination means 25 and output control means 26 when the 
activation timing is instructed from the determination means 25 to 
the output control means 26 in each of the processes described above. 
The output control after estimation of the processing time and 
determination of activation timing of the printing mechanisms is 
common regardless of the type of input data. The following will 
describe an example case in which the image quality adjustment 
mechanism requires time to become operable after being activated. 
But the control itself is not limited to the image quality adjustment 
mechanism. 
[0061] 

First, "the determination means 25 that has received an 
estimated processing time calculated by the estimation means 24 



receives statuses (times to be ready for operation) of the image 
adjustment mechanism and the like from the status detection means 
28 in step Sel. Then, a determination is made as to whether or not 
an image adjustment by the image adjustment means is completed, that 
is, whether or not the image adjustment means is in operable state 
in step Se2. If it is determined that the image adjustment means 
is not in operable state, that is, if the image quality adjustment 
is not completed, the process proceeds to step Se3 to determine 
whether or not the remaining time is smaller than the time to be 
ready for operation. If it is determined that the remaining time 
is greater, the activation timing of the print control section (image 
output means 30) is delayed in step Se4. Thereafter, the process 
returns to step Se3. Then, the steps Se3 and Se4 are repeated until 
the image adjustment is completed or the remaining time becomes 
smaller than the time to be ready for operation for the image quality 
adjustment means. In the mean time, when the image quality adjustment 
is completed, or when the remaining time for deployment becomes 
smaller than the time to be ready for operation, the process proceeds 
to step Se5 to determine whether or not the remaining time of the 
deployment is smaller than the start-up time of the image output 
means 30, and stands by until the remaining time becomes smaller 
than the start-up time. Then, when the remaining time becomes smaller 
than the start-up time, the process proceeds to step Se6 where the 
activation of the image output means 30 is instructed by the output 
control means, and the process is terminated. 
[0062] 

B-6 Actual Processing Time Measurement and Measured Time Storage 
Figure 13 is a flowchart illustrating more detailed operations 
of the actual deployment time measurement, actual data transfer time 
measurement and storage of the measured times in each of the processes 
described above. When print information described in a PDL or raster 
data are inputted to the input I/F 20, the data control means 21 
instructs measurement of data processing time to the monitoring means 
22 in step Sfl . Then, a bit image is generated by the image generation 
means 23 in step Sf2. In step Sf3, a determination is made as to 
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whether or not the deployment to the bit image is completed. If it 
is determined that the deployment is completed, the data control 
means 21 instructs termination of the data processing time 
measurement to the monitoring means 22. Further, the data control 
means 21 obtains an estimated processing time for the data processing 
calculated by the estimation means 24, and compares the estimated 
processing time with the actual time measured by the monitoring means 
22 to check the difference between them in step Sf 4 . If the difference 
between the actual time and estimated processing time is small, the 
actual time is stored in the secondary storage means 27 in step Sf5. 
The actual time is used, for example, in steps Sb4 and Sb5 of the 
PDL processing described above, to refer to the cache for the past 
deployment processing time when a file which has been processed in 
the past is inputted. 
[0063] 

B-7 Readout Process of the Same Data 

Figure 14 is a flowchart illustrating a readout process for 
reading out a past deployment time from the secondary storage means 
in the PDL processing described above. First, the data control means 
21 confirms the size of the inputted data in step Sgl. Then, it 
confirms the file name in step Sg2. Next, the data control means 
21 searches the secondary storage means 27 in step Sg3. Then, if 
a record with the same name and size is found in step Sg4, the data 
control means 21 reads out the processing time (actual time) 
corresponding to the record in step Sg5 (step Sb5 in Figure 9) . On 
the other hand, if a record with the same name and size is not found, 
the process proceeds in step Sg6 to the estimation process for the 
processing time based on attribute information (steps 5b6, Sb7 in 
Figure 9) . Here, the description has been made of a case in which 
the processing time (actual time) is read out with the data size 
and file name as the identifiers. Alternatively, the attribute 
information and the like may be used as the identifiers. 
(0064] 

In the embodiment described above, many means are used as 
essential components, in order to explain the present invention in 
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detail. But, for example, a configuration without the spool mechanism, 
a configuration including a cool down mechanism in addition to the 
image quality adjustment mechanism, or a configuration without these 
mechanisms is possible. 
[0065] 

Advantageous Effects of the Present Invention 

As described above, according to the invention described in 
claim 1, a processing time required for generating a bit image is 
estimated based on attribute information describing the type, number, 
size, and the like of an object attached to a data file described 
in a page description language, a recording start timing (completion 
timing of the bit image generation) at which the bit image is sent 
to an output mechanism of a printer is determined based on the 
estimated processing time, and the output mechanism of the printer 
is activated based on the recording start timing. This allows the 
processing time for processing an inputted data file described in 
a page description language to be estimated with a high degree of 
accuracy, so that an advantageous effect of reducing waste including 
incorrect outputting and the like may be obtained. Further, the 
advantageous effects of improved estimation accuracy, reduced 
overall processing time, and efficient performance of continuous 
printing of different types of documents may be obtained. 
[0066] 

Further, according to the invention described in claim 5, the 
data transfer status of the raster data is monitored. This may provide 
the advantageous effects of outputting even such. raster data that 
require a long time for the data transfer at an appropriate timing, 
high-speed printing thereof , and reduced power consumption. Further, 
the estimation accuracy may be improved, and thereby the advantageous 
effects of reduced overall processing time and efficient performance 
of continuous printing of different types of documents may be 
obtained. 
[0067] 

Still further, according to the invention described in claim 
3, a bit image generated by the image generation means is temporarily 
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stored in a storage means, the readout time for reading out the entire 
bit image from the storage means is estimated based on the readout 
performance of the storage means and the size of the bit image, a 
recording start timing at which the bit image is sent to the output 
mechanism of a printer is determined based on the readout time, and 
the output mechanism of the printer is activated based on the 
recording start timing. This may provide the advantageous; effects 
of improved estimation accuracy, reduced overall processing time, 
and efficient performance of continuous printing of different types 
of documents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a block diagram of a printer employing the printer 
control apparatus according to an embodiment of the present invention, 
illustrating the configuration thereof. 

Figure 2 is a block diagram illustrating image data flows 
(solid lines) in the printer shown in Figure 1. 

Figure 3 is a block diagram illustrating data flows of 
estimation system (dotted lines) in the printer shown in Figure 1. 

Figure 4 is a conceptual diagram illustrating an example 
document including graphics and texts. 

Figure 5 is a conceptual diagram illustrating the document 
shown in Figure 4 represented in a PDL. 

Figure 6 is a conceptual diagram illustrating example 
attribute information. 

Figure 7 is a conceptual diagram illustrating an example PDL 
document with attribute information attached thereto in a comment 
format . 

Figure 8 is a flowchart illustrating an input determination 
process in which a determination is made as to whether or not input 
data are spooled, and the input data are directed to appropriate 
processing according to the type of the input data. 

Figure 9 is a flowchart illustrating a process when print 
information described in a PDL is supplied from a client. 

Figure 10 is a flowchart illustrating a process when raster 
data are supplied from a client. 
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Figure 11 is a flowchart illustrating a process when printing 
data spooled in a secondary storage means. 

Figure 12 is a flowchart illustrating operations when 
instructing the activation timing to an output control means. 

Figure 13 is a flowchart illustrating details of the actual 
deployment time measurement, actual data transfer time measurement 
and storage of the measured times. 

Figure 14 is a flowchart illustrating a readout process for 
reading out a past deployment time from the secondary storage means 
in PDL processing. 

Figure 15 is a conceptual diagram illustrating an environment 
in which a page description language compliant printer is used. 

Figure 16 is a conceptual diagram illustrating data flows 
between a client and the page description language compliant printer. 

Figure 17 is a block diagram of a conventional page description 
language compliant printer illustrating the schematic configuration 
thereof . 

Figure 18 is a block diagram of a conventional page description 
language compliant printer illustrating the schematic configuration 
thereof. 

Description of the Reference Numerals 

20 Input I/F (Input Means) 

21 Data Control Means (Measuring Means, Comparison Means, 
Discrimination Means) 

22 Monitoring Means 

23 Image Generation Means 

24 Estimation Means 

25 Determination Means 

26 Output Control Means 

27 Secondary Storage Means (Storage Means) 

28 . Status Detection Means (Notification Means) 

29 Image Quality Adjustment Mechanism Control Means 

30 Image Output Means (Output Mechanism of the Printer) 
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Example Document 

FIG, 8 
START 

Sal : Spool? 

Sa2 : Write Into Secondary Storage Means 
Sa3 : PDL ? 

Sa4 : Perform PDL processing 

Sa5 : Perform raster data processing 

END 

FIG. 9 
START 

Sbl: Attribute information attached? 
Sb2: Deploy actual data 

Sb3: Instruct activation to print control section 
Sb4: Processed in the past? 
Sb5: Retrieve time from cache 

Sb6: Retrieve contents of attribute information 
Sb7: Estimate data deployment time 

Sb8: Remaining time within start-up time of printing section? 
Sb9: Control timing 

SblO: Instruct activation timing to print control section according 

to estimated time 
Sbll: Transfer bit image to printing section 
Sbl2: Perform printing 
END 

FIG. 10 
START 

Scl: Receive data size 

Sc2: Measure time for receiving initial several blocks 
Sc3: Estimate data transfer time 

Sc4: Remaining time within start-up time of printing section? 
ScS: Measure time for receiving intermediate several blocks 
Sc6: Correct value of data transfer time 

Sc7: Instruct activation timing to print control section according 

to estimated time 
Sc8: Transfer bit image to printing section 



Sc9: Perform printing 
END 

FIG. 11 
START 

Sdl: Store data in storage device 
Sd2: Confirm data size 

Sd3: Confirm readout performance of storage device 

Sd4: Estimate readout time 

Sd5: Control output section 

Sd6: Transfer bit image to printing section 

Sd7: Perform printing 

END 

FIG. 12 
START 

Sel: Receive estimated deployment (transfer) time of data 
Se2: Image quality adjustment completed? 

Se3: Time to be ready for operation greater than remaining time 

Se4: Control activation timing of print control section 

Se5: Remaining time smaller than start-up time? 

Se6: Instruct activation to print control section 

END 

FIG. 13 
START 

Sfl: Initiate data processing time measurement 
Sf2: Perform various operations 
Sf3: Operations completed? 

Sf4: Difference from estimated value small? 

Sf5: Record actual time 

END 

FIG. 14 
START 

Sgl: Confirm data size . 

Sg2: confirm file name 

Sg3: Search storage means 

Sg4: Same file found? 

Sg5: Read out processing time 



Sg6: Proceed to time estimation process 
END 

FIG. 15 

3 : Decomposer 
6 : Network 

FIG. 16 

6 : Network 

7 : Printer Control Unit 

8 : Output Unit 

9 : Sheet 

FIG .17 

1 0 : Communication Protocol Control Section 

1 1 : Image Generation Section 

1 2 : Interface 

1 4 : Recording Unit 

1 5 : Sheet 

FIG. 18 

1 0 : Communication Protocol Control Section 

1 1 : Image Generation Section 

1 2 : Interface 

1 4 : Recording Unit 

1 5 : Sheet 

1 6 : Arithmetic Section 
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J5S|S<ut7X^T-^7T^;UT?>§*'5* i 5:^S l l^ 

tmzfmzmi. rnm&wmzxzmsm&tzm^ 
l*s*>s * -cwe&ftia t -r s z b umb-r sn^a 

b. 

wmXttfZlzJ: 0A*$n7tEp^r-^7r^/^f» 
t* -y W * - y'Sri^-r -SB^^ai: . 

S5ieB^«#at J; o^c$n^h'-y hi x-s/t- 
ai£it^6ieig#ai: . 

frEieiS^awSE^tiiLlt^t H5l2t'-y h^f ^-y'W 

s-q'^t, rv >9comi}mmzmwrtz>iiij}®mm§. 
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[0001] 
C0OO2] 

X. JfraS-r^^-i^mS (PDL : 

Page description launguage) £fl?S?L. EP©ldJ7Jt"l> 

[0003] izx\ ® i ±te^-i/*ie*gis« 
614. ^^rvht^-^Ex^ttjery^fco 

t.SS^^r^Ma, lb. lC<->-'ie34 
Wmttf5TV>f2. *<Offitf)«S383. 4, 5<i. LA 
N (Local Area Network) ^<7>*<y Y V— 9 6tCj:-?T 
S^flTV^I.. ^rvHa, lb. lcli. P 

[0004] ^-vteamsstffir y 2»i. 

it. r'JV^«flffl®SM7i3J:Vai?)^S8^ffili-Cfc 
£Wi. ry>^iSlffll&!B7 ry^MMBSr 

^SrSSfSfiLfc^Wi. aJ7jSSS8fc.]:-> 
[0005] 0i7«. iia^-xlffiiail^ 

iSsu^ixJtryyMSfBPi^ATjS^i:. eryy 

r-tilffi P I * -f ^ - 1 1 iz&te-f & 1 1 1 lz . 
15SJSSK 1 4 CCj&ffl^fl-^ S 1 Srfitjg^-* . A * —. V 
£j£6Bl Hi. ryyMSf8PI£fEii§£E14#g£ 

■rs^<ot'-/ m ^-^'ffl$BB i {c^mL-raj^f 
>fy^-7x-^i25-^LT. mmmi4iz& 

l&ZtlZ,. frfc. JJJtVh^-iWBIIi. d£g 
iz&tZ. A-KfU?gIl 3fclEit£fx2>. §Eli 
SIS 1 414. Ht7-a h n^SiaiSS 1 0A>*>tf>l&tft^ 
ft^Sl&gfllT&J:. fflttl 5«rltM&«U IS<7) 

X - £ jJrJgOtfl&Ctg -3 T tail L . 1 ^- y «^«B 



mithk. ffl«l 5Sr«tB-ri>. 
[0006] LA*L&#£>. J^tJtficJtW^-x'iai 

Sfi^jsry >^-c«. 4*->-'4j£SB1 1 tcfctts 1 
$mmu. PDL^^izx^^mtfi^^. 

mmzmm^thP^tfixn^ixht. mms 

[0007] *ZX\ fllttf. #1PF6-143758 
X^h. ZZX.mi 8tt. ±f2&m i 6-143 7 5 

8# ^ffitcw^sttt v^^—>'ie^mM*tf5ry y ^ 

W$«l££^-r:/0"y7HT-J>6. =5rfc. 01 7tcWf5 

fcvvt. aftrnbn;l4iJffllS51 0<i. 9?4 7VVm 
frt>&&ZtltZ.?V>Y , mP ItfXtttlht. SET 
'J > r-ffifg P ^1 ±4 * -iS&m 1 1 tz&tetZ 1 1 1, 

tc. ryyMS«piortS2:^s?u. mn^aa. ffi 
mztix^zjemzmn&i 6izmz?&. 
[0008] -f^-^'^aii ui. ryvMWBP i 
*EMgsa i 4*^*-rs«5*:<ot'-y h>f >-vis«B 

I (C^LTSiJTJ-rS. ISh'-y h-f^-vfflffiB I (4. 
0r^^-Y5V^T. ^y^-7x-X12Sr^UT, 
iSH§£gl4K:{ft£3*U. >5rfe. ±IEt'y h-f 
tiff8BIIi. -miz&tX, /N-Kx-f^^^l 3H 

ieii$ixi). mnsti 6«. jjEry^MWUP 

^mmmmn-mb. ttz. nmai 6ti. ^ 
o-c . £&t^fi^ s i siesi^s 1 4 K&aj-r * . e 

miW 1 4 (i. JSBSP 1 6 i)^<7)^m^m^S l SrS 

x\ wz&mx'm&L. izm^&mza^x . ^lio 
Bt^o^w s y^-cfi«£$*i.£jtiet'-y h-f t-vm 

HvyHittz^xhm L. l^- ^'^ISS^T-rs 

[000 9] 

[»BH**W*Lioi:-r*BHI] i-6T'. J^Uc^ 
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wsmx-it. &%<?>PDL(7)Wimmimti. 1* 
^wnMrnwrnm'. 977<~,9mzwmm 

m%i><ox\ t&fcwj y9umm.x\t. msmizz. 
\,^mat:®&£<'m?z>zktfX'Zhb\mti>%)>\ 

'tfon&rvyffcti^xit, m0>7vy9$mmm 

Bmtmmx-'iTx.&PDLtfAiiztiht. i-mtt: 
^wsmmfrbfttizfiMmfifiJ s y^x o^< e 

ftm-ttxtsfrwfti&zbi'. x)v-?v h-mitr 

too i i ] £f>c. wt&>7<)>m®mm.x'i3.. < 

tMim^vmzzmLtzT-fX'fo&vxfT 

-91)<?,J)Ztlt:%r£<mmiZH ^X%&Z ttX V vfc 
-f&;b*>. PDLT153S^<TJt7*UyhfB#6tcib 

curiae. iK»^?'fr>'hww'««ft»*vb 
[ o o 1 2 ] tti : ®&<?>7 y v h»ifflisaT*(±. ^ an 

[0013] st>£. ffigory^^a. 3*hw«, 

y^vLxftm^h&ox.Qmiih.&tzV). mms&fc 
if ojitSBBsr y wz'iio tzMm . -tti^K wmm 

(00141 ZOfffflilM LfzWmizm^XKc^ilfc 



MtCWC*. a>-?ieitg3}fr?4 Sy^fcWMtCfl 
Xfr-Tv htfo±.ZlthC:ttfX'£Z7V V9W®£. 
[0015] 

[MK*HW&fc*>0>*R] Jb*LfclBHM*IIWW- 
*fciW=. IM»BlE«W>«Jrcii. ^-SflHMBfc 

-/M*-v£K^Sffita£j£*Rfc.. !5ar-^7 
T'f;HCf«)B$iXfc«ttflMBfcil-?^T, b'yM*- 

[ o o 1 6 ] 4*;. «*«5isaww»rtt. 5x^f 

-^7r-f A*A*t*A*#«k. flrfdArt#RC«fc 

0 AflSiifc 7X97-9 7 r 4 t'y 1- A *-V\z 

T-9mLmfc&mh&mfit . itfidias^Rk: 

1 ^X'&htihimL7X9Tr-9 77 A iwmS&KBttz 
*^vvt. Mti7 *9T-9Z-kX%.m Ufkt>btVn 

mm^^mth^m^b. mzf-mmzx^x 
^ztuzm&fflk&i^x. ww^m*-: 

7Vy9<om«kmz&liiiitL&!ESmto94 % V9Z 

rnstz as -hwm®. t ^mfitti. c t «r ^at t * . 

[ 0 0 1 7 3 jfcfc. Hl«fl8iSao»!B'CJi. Ep^r- 

97T<\fo*xto*hxmwt. mixD^mx*) 

S-^V^T . HUlSb' y h 4*-V1f-7 , V V9<T>^)MW.Z 

mimw*mzx^xmztLt:immh94$.y9iz 

m-rs^x. ry y^oHJ^«8ltfflW4a5*«»¥R 
[00183 zojmizxtaf, t-s«tfBtsa 
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[00 19] 

100 2 0] A. HJfi»ffi«0ffi« 

A-i . ruv^cofiiK 

v^ft£ryy?offij££^7*oy?s-cj>?>. * 

(fHS> £^7'oy70T'*>D. H3I4. H7*yy^ 

BT*S. Hfctivvc. A^I/F2 0(i. *y h7- 
?fctttE8*i. (PDL. t' 

irM^-y) *WIU r-^$0ffll#a2 1 CMt 
4. f-*«W*B2ia. JJW-^fcWJilU r- 

s«#a2 2<±. T-mmm 

fflU T-^»Jffll#S2 lfcttlM-*. frfc. 

82 214. T-^®lffli*S2 ic**fcTVYrt»J:v>. 

[oo2i] wm&s$.zm 3 »i. iter-^^p d l 

KPDLS-^KL. b'-y M-X-i^fcH 
ML. &b*y W *-S*&±E^-**»P*»2 1 left- 

tM-*. ^ai#S24«i. r-^»J«*a2i 
ztizffisnzm-i^x. sft±&#R 23c* tram 

IW*. «Br*S2 5li. ^Wfr^AtzX^X'fmZ 

wzfwm&mt . «9H*s#ft2 s izx ->x&m 
[0022] &f)®w£®2 6ii. mm^msizxh 

■fit i it. 7-?®\m®2 1 ±fctt*r-/H.fc 
ifr&t:tt2<WEtt#«2 7*»fet'-y M.X-i'fcfil** 
U maMtfR 3 0 2#f£1§4M£2 7 

»4. PJxtf, /N-Kr4*?gSOJ:d£*£fi!iiis2? 
Wrh* 1 ), A#£ixfcT-?£-B*fMe*7-/u (Ws 



Bt&r-? *-i$wfciEirf * . #®$8»#a 2 814, 
»j«i*a2 9 j ?>fflma5^#a3o^LT, -t*t^.<^® 

£Btf#U ^CffitT^lIr*a2 5fc:«JirtS. B® 

sstamo«*S2 9<4, m*?#suzx vwnzim 
-rz. B«aj^S3o«. aj*siffi#a2 6c«j:oT 
tmzti. &mw*f&2 6fre>mztiii'-yh4* 
-iszmmztv&tz. 

[ 0 0 2 3 ] JiiiBLfcfllJSfcfcVvc. ±IBBSiS 

wamm^-fk 2 9 tcfur . stadia 3 0 sgia 
?ht&iizm&iiim\mm:y. nmi,z*fm&t 
mmcrfflmmmizioizLxi,*^. 2 
mm*&27i±. Lt,, r-^s— ^wcxr- 

hrvvfwmmst. cpu (+*«s^s> . ro 

M (Read Only Memory) , RAM (Random Access Memo 
ry)*?*>*>18i££*U JbfSR0MKte*te*l-O^7-o 
/fA^. CPU*»'Hft-fSii:t±'9. IMlK&t 

[ 0 0 2 4 1 a- 2 . mmmii£mm.ffimzi. s 
mz. PDLxiea?ix^ry>'h^s«5r«wi-r&«^ 

TVht«lflFT«»T7 , y^-iy3>'y7h7xT (W 

vb^t(4. 7ry^-v-3>'S/w»4. rtSsr-R^u 

TV^r-^SrPDLTlSaUwT-^t^L. 7*y 
y^triSaj-TS. CiT\ 05J4. 04tC^-«3SrP 
DLT-aSL^-CTX'*>S (tlT. icOlfcSSTPDL:* 
Sti^) . PDLIi. DEF 1 NE^, MOVE# 
L I NE$^. CURVED. FILL6^ P 
R I NT^ S fU.*^, TEXT^^ry Sr < 

[0 0 2 5] DEF I NE$<&(i, fc*^ 7 -r -y 
ri^'x ^ hSrPD L<07" 'J St - -f 7*^«rC^ftfifc 
«><0f&^TJ>S. 05C*-rtf!T-l4- ~^jSH 

ftlO^yy'i; KTR I ANGLES 3O0L1NE 
1OC0D I V^fcJ:{/l^F I LL^-CS 

y$:}BB-r4^« 7 )^t-J>-i>. FILL^Ii. LI 
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RVE^i. us xm&mt PR 

[0 0 2 6] TT'J^-^aVS/Wti, /57<7? 
SSKBgiTtt. ^57 4 •y9*7 i Jx9 hSrPDL^r 

-yBMsaaw*. ***h«fcWL-cii. T*7.h 

fSr<frfc:3airrs. -I<OJ:?&£&CJ: •) . 05fc*-fP 
DLWMSciWM)?**]** 1 . /77 4 -y^T^x 

100 27] ±j&it:wm. mtsmrvr-uay 
s/wtcj: * p d Lxsmatosyx-cfc & . #ssn6#ss 

JdJILfclMWSh*.. «ttti!$8 (7D7T4*) 

7 K*>8fHfiffl. fcJ:tf-f H>WNWI*>3o«>» 
[0 0 29] 757 4 -*9*'7 s Jx9hm<r>3'?-s*&. 

fmvmmt. fv7 4 -,?*7'Vx9Y*ym$ht 

^L*<T»i&*>$:v>PDL0>7*y$-r4 7V> 
/57< v7*7~isx7 hmcnrfSttfflSIT 

x?MRI ANGLESrtaa-tSfcJi. LINEtSHS- 
2:3®, DI Vffo<££lls]. FI LLft^-fclEl, *fr 

[00301 /77 4 v9J!7- : Jx.9V<nm\®mi.. 
WmZtlhVy? 4 ••/9^r : Jx9h^i:9'y7 4 >y 
?*7xx?h<W4X£7HlLT^i>^-t-*S. A 

R I ANGLEte. ^X2 0T 10. -»MXl 0 Of 

GT 0BJ = X < ST f 

for all OBJ 



[oo3i] hemmnit. mw-rh-xmt 
^at«. sn^ymL^hw^ixm^ixh-x^w 

Vl&Xbh. mUf. TEXAMPLEj t\^-$& 

ntn i r Ej tfrnrntx^ht:*). j& 
Sli. r 6j ttch. x^mit. ttzsmtzmsz 

^SftSfcAtfflV^^ 7^7 7"*? K lAJo* 5 ^ 
£ES'Jl/C*$fU>. WT. 7*7r<-yK tA^tffr 

TlV7r^.y h7*yK lA£>#&7:r VM*. 
It 5 Otf>7 * X h t 4 . 
[0032] X^t«. 7*>'h**yi'xK:4 
&U:t'-y h-?-/T£7W-AA»,7Tfc«Ei*-f 68*13 

XfcO:fc^coJ£S£#ftTi3ltWr J: K 
[0033] ?547VH!>77*y*--S'3 VS/W 

14. _B*U:StttiHa£. 07fc*1\k?fc. 
/kopdl^SOtcSS&tHc. a^vhJ&sS-Cftairf 
6. 2(s^iifijgffi<?)PDLT'«. r%j TJ&4Sfr»4, ^ 

Sttffl^Sr-HllirracifC. JgttfSSgSrfiJJHT'i&^P 
DM y^ry^Tt. *«m$KJ:&PDL;Sc# 

07) £pj®^<. Rare**. 

[00 34 3 iKC. Ji&U:gtt1ff$aa>*>PDL4y* 

-ry ^*«s^ra$r^aft^*«ik:o^TiaBBts. 

J:0lt«-C#S. 

[»1] 

T=GT+FT 

Srfc. ilfiGTIi. ^-y(*ii7)4t07'77 4 v9^7" 
^x7Y<r>^\iZWfh^X'h r ). UeFTti. ^~ 

a&ix-mziih. 

[0035] 
[»2] 

GT= X GT 0BJ 

for all OBJ 

[0036] 

i x N 0BJ PRIM x K PRIM ) 
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[00 37] ST ? wli. : f'M>?-7V9#fflWt 
t&frlXii<Zklz£r>X®t>tih. 7V 5r 

x^jtm-ixtswi^. mm. line*«mc 

[00 38] jfcfc. Nobj,prw«. 06tijrrgttttf8 



[ 0 0 3 9 ] IMUzm 1 OFTJi, 
[&4] 

FT=RT+XT 

[0040] ±jert«. d&x°mn&. 

[&5] 

R T = J R T point 

for all POINT 

[004 1 ] 
[&6] 



RT 



POINT 



= K 



POINT 



X 2. (ARTrointXMpoint) 

for all POINT 



X9y4X*ff8foffiEffik. ART F0NI li. m#4> 

itf 1 2X4y\*oy3&i^<ifr. &tz\t±XyX9 
7^XU *<r>7X9?4X#ffl*sm*Z>. *LT\ 
*<WW%SZ* : f:V£&&LXt3<c\i:iz£t) . 
yXfylXSOfffitLX^h. ttz. \ 7.X4W<r>& 
W?X5y4 XtifffllZft L . 1 0 V h 

± r i j m : <rm*w&tz>. *fz. ±ieM F0Nr (i, ? 

T>h frt>&tkZtih P D L Iwf+ijB S flfciltt 1t$8 

[004 3] JaBUrSsWoXTIi. ifcSTfi 
Sfi-S. 
[87] 

X T = £ XT point 

for all POINT 

±ieXT ?0 i NI li. yh*MXlztMZ,£X 

<D-£r-w&&m!$X'h o . <ttX'&2tLh . 



[0044 ] 
18*8] 

X T POINT = A X T point x N point 

±f2AXT P0INI Ji. m%<r>#4 >h*HX£.m-&¥ 

msasrmvh*)* Np 0INT »±. i^wyht-fx 
iz&^x&matihittmx'bh. ^mmmx-a. 4 
y?-rvm. tmmt, #4>h*Hxtmz. y 

ttfflL-cfc^. **otzmrr&. ztuz**). 4mm 

y MM X tzft? h a XTp 0INI *'&h z k tfX'Z h . 

tzmvatitzm&m®frt>mti& . 

[0045] <Kt, yX?T-9\,zti\vz. ftftWMi? 

a %y^tx<r^mfw.z^xwm-h. 9v4ry 
v\t. xtiT—rtLx. t-r. 7—rwxzm-t 
h. rvyhmommi. ±M7-w< xtmst. 
mzm2tix<&%y : -?zmmz7'u-y7m&x'% 

gft&T-^ftt-TS. tlT. ^x-^^X5:500 
107*a.y^wS^B#HS:l 5 0ms, IT - 

mmrfc!iX'&ztL&. 
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1 ?a*i>a>9 t -9*4Xx&*7a-,>r$i 



50 0. 000X160 



10 2 4X10 



= 7 3 2 4. 2 2ms 



[0046] b. mmmowfc 
[004 7] B-i. 

08tt. 9vA7V\-1S>h®&%tlh ; f-9*XT-)\' 
&ZtifzTV>h<m. 5*9t-9) SrfW'JL. r- 

t — 9 [PDL-eBasiifcryvMlwi. jx9t- 

9) tt. A*I/F2 0tJ:oTSm^ ^-^P 
#82 1 KJ:-9T08»C5tr7o— f-v— hfctSoTJa 
S$ft3>. Xf^Salt. A7Jt-?£2& 
E1g#g2 7CXT-n^sa^^£«U xr-^ 

^f"/7Sa2f. 2<Xieit#a2 7(C 
xr-rt'-fS. ^f"/7Sa l(zfef?*tiK 

*ifci?)?&oTbJ:v>. &fc. 2&Kt§#&2 7?rm 

[0 04 8] Xf77Sa3t. XJ1T-9&P 

'J^MWBftt&^fctt. ^T7rSa4M». PDL 

[0049] B-2. PDLSaa 
0914. ^^TVhA^PDLTlE&SilfcT'JVh 

T. B«£l£##2 3fc«fc^riJybtil«£t' y M 
*-5/*fcMBU ^f77-Sb3t. aMMmMciBM 

TOfctfrWifrt*. JUT. X-f -/7*Sb 1 1T'EP»)SR 
(BflUftb¥B3 0 ) fcb'-y M jc-^HS&L At 

[0050] -H.7 'J >h tiBBO+KWiflWBiWSPfiE 
■f4*S£fc«4. Xf77Sb4t. 36*CJ8UlLfc£i: 

LTV^6 25JcE«#a2 7 £«HSU H tK1ft3H3* ; ?f 
tt-t-S^^Sria^-l.. -5-LT. |5ltSttti??B*^ffit 



S0#g2 4tCfttet&. 

[0051] 2 4 tt, gttt8$B#{ftfcSix£l§ 

£fc«4, Xr-yrSb6T\ Sttfflf8^«-T-^$r^ 

B*^t5fr* ; f«i^ii^*j^*. a* 

fc»4. ^iS#g24*4. JJBMMeai«H*t«>**? 
SOJIiBl^iat LT!fflBr#S2 5t«W4. 
[0 0 52] «T#82 5(4. Xf77Sb8t. JJE 

gKe»B^iartrfcS«£fc:»4. xf/ysbiot. 

B&£# t £Srt-*J:3C. Xf-yTSb9Taj*««^B 
§y^«HBUfttft. JJEX-f-yTSbl IT. 

aj7j©]ffl#a2 6»cigi)^'f sy^^-rs. sfc. 

fflft#82 5*3ilX{B7JSJSP#S2 6Cl3»tSIM^)B 
JBCOV^TJifAj^t*. <KC Zf vTSb 1 It, T 
-9mW*m 1 fcrtLTb*-/ h 4 *-v£ai;&»ltSP# 
S2 6^fCB®ai73#S3 0(c3fei5-|-|.. -efC. 
^f77Sb 1 2T\ iiJ7J©l1iP#82 6«. ¥"J8S#S2 

m\att®3otz?4 ^.y/mmLxmb-ri^tiz 

B®Sii7j¥K3 0l4. tiJ^$iJffll#S2 6(^JffllC 

bl*?£. skb-ts. 

[0053] B-3. 7^?f-?SH 
01014. ?74 7>ha^7X?T-?iW££$*Ut 

x9f-9cr>^i.z\t, T-9<r>mmgj l zm'i^z#, 
K®m<r>mft94 ^yyi^mth. a 1 . r-9vm 

-^S2 1(4. ^f77Sclt. 9?4 TV YfrhftM 
t,Z&1&Ztl&7A9T-9<7)-T'iX$: : f-mZ&l2 4tzm 
<JCt. ^T7 7Sc2t, ±Iiy *9t-?V> 
■V4 Xt,zm\.*Z&&2HZ>&T-9 (7*9t-9) iZ 

» l , e«#s 2 2 fc .t o . mxmra -y ?<ry$.<>m 
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[0 0 54] W£824tt. *f-yrSc3T\ ±M 

mmmmmmttm^x. ftjimamfj 
$.>7*mL. wm^mmmma^x-hh 

?4$.>?Z1&F-th. Sriis «*R2 5ts£ViiVj 

wm-m 6 £t$tthW}ft<?)m®£.-o^x\im£ti> . 

[0055) JWf-tOYM Xifitt < . w 

m&m. wm&ttmomviiixmimjix 
y-yrsc 5 tit*, "f-mwm.* \x\ Sft<oa 

&B*ltl£SJgfti!8U ^f89#R 2 4 ^SS#- 
R24ti. Xf 77Sc6t. S0^7X^T-^«O-t 

2 5f4. Xr-/rSc4T% frfclcit»$iU:«gjM^ 

m iwwB*#»3ow>as*wi«)S«)5afc(ca 

aswiBiwaimnic^ s i r. iexf? r s c 4 ~ 
sc6£t*'3jgLf!*rf£. m®mt. 5x97-9 

H3W»iss^^isiJart k«t.*f»rsc7t. 

JKC-? wr lifts? t. 

[00 56] iXWC. Xf77Sc8f. T-^SJffl* 
82 1 Sr^-LTt'-/ M*-S>*!B:WW»*»2 6 S-tf 
LT««aj**R3 0K«i8-r*. *UT. ^r-yrs 
b9T\ {t*©lSP#S2 6{i, «#S2 5W^tc^ 

v*. \Mnm<mit94 $>r*tmi,xwaz*t. 

0bZ94 5 >^iaSLTS^f SCttC^rS. ffi<£ft 
A¥R3 0tt, as*«IW*S2 6«HWt=«-»T. JSiS 
*te«U f^ffiJ:Ct^M*-x£fi}BU:t^ 

[00 57] B-4. X7-)\s$m 

CEtt L fc« . K 2 JJOEtt^K 2 7 A»£ r - * * ffd*tt 



hX'$>&. Z<&&&. \1\Z1xhT-9*WWc vh4 

t»#»2 4k:j:->t, T-:?-iMXfcT-:y-£&#-r 

5 2#fS1§#R2 70f-^R»K Lttlgfe Is*** 

6. r-?SW£R2Ui. Xr-zT-Sdl-C. 
A***i*7 f -^*2iWHi*R2 7C»*atr. 8£ 

ji** { *rr-rsfc. T-m&&®2 ut. xf-//s 

d2«3tvc, T~9V4X*miL. Wr-9V4X 

£?a»R2 4 

[0 0 58] T-9®im®2 l»i. Xf7/Sd3 
T\ ^iWi-*»->T^*2<ji3E«*a27<0lS*ajtttffi 
^5B12L, *0«fc«»R2 4l£«M-*. 
24<i. *7 t -y7Sd4T\ USr-^lM Xfcitflg 
*{lJbtt»CJ6tfcttt=»^^"C. 2&ta§#R2 7A> 

4>^t-^ *si*as-r sx-tcs-r *R»ai L^a^^f a 

R2 5{i. ^-/TS d 5X\ «»#Ra»4>&fc. BK 
PS^R. Bffi{fi^#R3 0^OSl*a«l^8®««li: 
C«^»T. jSa^-f S^SrlilffiL. aS*»)ffil#R2 
6 &ffi94 5 V^frfl^t 6. «¥R2 513 
J:I/aj^»iffll^R2 6 CfittilMwRincov^Ttitfk 

[0059] an-C. SB*l!«*a2 6li. Xf~/7S 
d6X\ 2JWEli*R27*»fe^-^tB»lBUT. M 

T\ ai*SIJffll¥R2 6{i. nM^S2 5«^CftVV 

HJ6»JS^^(i. Bail^¥RtB»ai**R3 0i: 

R3 0{±» tli^»Jffll#R2 6c0SflfflIt:^oT. fflttJr^ 
*L. Kfflt&tCt'-v h-f ^-^'SrfilBUfca. 
S. 

[0060] B-5. aj^»]waia 
01 214. B53*Lfc#«uifci3V^T. HK#R2 5*>A> 

fc»lt&flBi*a2 5t>J:^tiJ*Sfl^R2 6Wj:»)» 
ifc. BLTTJ4. BWISSfflffl^iglStt: 

=firv\ 

[006 1 ] ^T-y rse 1T\ ^jffl¥R24(C 
J:oTW«**i*T«HWIBfc»t»->fc«i#R2 
5 ti . ttJ81*»*R 2 8 J: -» T . B«PB#gHW>tt 

m (wmt&tx'emm t^mb. «t. xf?7 

Se 2T\ B«3»RCJ:6BSiRISA«TL3tA« 
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x-f y7Se 3 tit*. ^^«^{8^fi&$lgJ: O'h 

toy®. X-f yXSe3Kil6. OT- SSfSI&a I **7 
b%h£X\ Xf-y7"Se3. Se45rt8'3SgLfltrf 

&. Bfitnga<»T-r**\ Hawm***"*!!] 
s^5a!^*i$fg3!?5Maai^#S3o<ogi!)^H 

b. Xr-zTSe 6 £21*, {tttSOWStt. H«ai7J# 
S3 0«O^Srtg^L, £i£5&g*l?71-S>. 

i o o 6 2 ] b - 6 . tm&fffi<om#ftsnmti <t tfsrai 

J>6. A*I/F20tcPDLT-iB^Sit^7'yyhffi 
$8, ttM ! 7A9T-9tf?<J]iStiX<hb. tF-9H 
»*g2 1»i. *r yTSf lfciSWC. S«¥S2 2 

f 2T\ ®<ft£i£#K2 3 fc i->Th'v M 

j£Sfti>. xt "/rsf 3tii. t'7h>f^-i/X0)i 

*WW^R2 1li. i^^S2 2£T-^«ra«Ha<7)ft 

a»rr$-fg*rrs. r-^jffl*S2i«, ^sa 
^S2 4 c j: r,xnntititzT-?!m<r> : fwm.#f® 

£BX#U xrvrsf 4X\ ±M2&m^®.2 2£X-> 

xwmztitzmffitngitim-tz,. *lt, 
t\ n^ias-2»:ieit¥S2 7tcie^ri,. i£SP*f3 

b5Kfc^t, 3£££«i3L>t:7T-<H'fc|S|-7T-f/P 

* { a^$^^-c, -y ->i«t vm^mmm® 

[0063] B-7. m-T—?(?)Wi*-&LWm 
®14l£. ffi&LZPDL&mtZti^X 2<5cie<g*S* 1 

i,ycJ6(?)7a-f-\>-bT;f)&. sl-f. XfyrSgl 
T. T-?mW&Z2 Hi. \})ZtiX$t:T-?<r)S 
-*MXSr5Sigt6. SC. Xf--y7-Sg2T\ 7T-fA- 
SLZWITh* 7o- 7 7Sg3t. r-^ie?!^ 

S2 1!i.. 2&ie*¥#2 7££l3Srf&. -?- LT. Xf 
•yTSg4T\ R4fk PhM X<0ie»A : j?.O^of.;*&£ 



S-S!*ai-r (@9<DXTy7*Sb5) . I5l 
tMX<9ieil#aoa^*i:v^fc:<i, Xr-y7-Sg6 
T\ Seffi«ta^<«S^ia^8!»PI <09<OXt 
•y7Sb6. Sb7> 'vjttr. ±3SL7tSiBB-C' 
li, 2mm*®2 7izti^X. tt-WAX* 7-M 

/mzmnbix. tm&fffl om®) i^mix 
[ o o 6 4 1 #*3. ±aLfcs«i*wro, paafciftBB 

[0065] 

>?) zvmL. miMmkt-i i>riz&^x. r 

ifcm&X'imZtifZT-? 7r4 )V<r>Xh\ztt LT&ft 

mhzktfX'Zhb^bm&tfi&hiih. «i 
tifmimrhzttfx'*. mwm^muim- 
[ o o 6 6 ] *tz. m*m 5im<7ttWizxtin. 5* 

T-?W&\z$ffl<n>frfrhyx9T--?X-b'>Xh . m. 

fcaw«* fcflww- s - 1 36*r * & t v > 3 wjjfcwifeft. 
a«aj*&»*w*cff a i b#x-$bb»?mj&mt> 

[0 0 6 7 ] B«fl8BBO«WKJ:Wf. S® 

-i/'W^f Xt CS^V^r . t'«y h>f -y'S: mMm 
^m*b±X&*&Llfei>&£X(Om*iiiLBifSlz^m 

l , isK^ati LsSKifca-^ vc . t' y h 4 > - v* ; x y 



(11) 



J8»6fc.*7>j yf<nms&*i"Zci"/ 9®xb& . 

IS) *jfif7v-/9®Xbh. 

[123] ®7Vy?£WX. ^mLT-f^ffll 
(SES) Z7frr7V y9®X'f>Z>. 
[04 3 0^fcitfT*xh££tt:X8<9^£*-f 
8f£0T*>£. 

[05] 04C*t^£PDLTSaU:«fcfc0-C 
[06] BttflHB«>^*jjrfftaS'ea&. 

[07] mmsm^jfyy-m^xnm^hJiPDL 

[08] A*T-^<o^r-^flIBr. Sr-^oaS 

iz&tx>mzmm&xjjmim£i:mm-&fzit> 
[09 3 ^^TVha^PDL-cie&Sit^r'jy 

[0io] ^^rvha^^T-^tffft&Sfi. 

[011] 2<JJie«#SCXr-yUL)tT-^?:EP®] 

[012] &j)®mguzm,xim?4 $y?m 



[0131 mmmnmmm. T-*m*<nm 

[0141 . PDL»3fcfc^T2»Je&#Ka><?3§£ 

«>BBiiwi"Sia*88»ajtK»aj L«i*Bww-*fc*> 
[015] *-WBtxsmzr»yfifi9S(i%tih 
[0i6] ^^-fryht^-xgej^mi^jer'jx 
[0 1 7 ] flat«y<-yBasa*«f7' , j ^^^bs« 

l££5rf7*n-y?0T'&&. 
[0183 ft*^-i^B£ffS*t£7'J y^ODB&ffi 

ss-^-r7'o-/^0-cj>s. 

2 0 A*I/F (A*#S) 

21 T-mmwc. mm®. Mm. tsssi^ 

S) 

22 m®*& 

23 H<a*fej£#8 

2 4 

25 m&&. 

2 6 a*©Jffll#S 
2 7 2<kiimf£ (Ett^JS) 
2 8 «nma¥H(«nn^S) 
2 9 B€P&flSffi$lftl#& 

30 BftHtf#K (ry^oawrtwm 



[013 



[02 3 



id. 



2 1 
_1 



H 



2 8 



*a 



2 6 



rs 



BKBS&fR 



V 




S H 


30 






2 7- 


2 3HM 








*a 










*a 



2 4 
1 



Afll/F 



2 1 

— i. 



*a 



2 3 



¥a 



5 



2 T- 



28 



2 6 

1 



tt«*tt 
I 29 



*a 



*a 



*)&?a 



30 
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[03] 



[04] 



22 



SK2?Sfc 



2 0 



2 4 

\ 



— r 



21. 



2 1 

-a. 



2 6 



ttBttSfl 
4 o 



esoeaa 



V 




S r» 


30 








2 7- 


2*E1I 


















*B 



[05] 



DEFINE 

TRIANGLE(W,H,G) 
< 

UNE(W,0) 
UNE(W£,H) 
UNE(O.O) 
FfLEtQ) 

) 

DEFINE 

RECTANGLE(W,H,G) 
{ 

UNE<W.O) 

UNE(W,H) 

UNE(D|H) 

UNE(O,0) 

F01(G) 



> 



DEFINE 

CIRCLE(R.G) 

{ 

K=0.5522B47 

CURVEtRARK R.K R.R.O.R) 
CURVE(03.-K R.R.-R.K R.-R.O) 
CURVE(-RA-R,-K R-K R,-R.O,-R) 
CURVE(0,-R.K a-RpR -K R,R,0) 
FU_E{G) 



MOVEC7.29) 
TRIANGLE(15.13.255) 

MOVE(1.17) 
RECTAN GLE (1 0, 1 0,0) 

M0VE(24.23) 
CIRCLE(6.128) 

MOVE(21,19) 
CIRCLE (3,0) 

MOVE(3,7) 
TEXT(40.POU 

MOVE(2,5) 
RECTAN GLE (12,2,0) 

MOVE(18 ( 5) 
TR1ANG LE (5.4.1 28) 

MOVE(3,1> 

TEXT (20, EXAMPLE) 

M0VE(17,1) 
TEXT(20^*ggr£D 

PRINT 




[06] 





LINE 




ARJTH 


fill 


CURVE 


MLR. 


ON 


TRIANGLE 


3 


0 


0 


1 


1 


TECTANGLE 


4 


0 


0 


0 


1 


CIRCLE 


0 


4 


8 


0 


i 



Vir»v(-t — -r — — 

^fJvTc Object Pvt^"^ StaT>o*£ J*C**«ti<XA tfcfa^ ) 





20 


40 


60 


80 


1 00 


TRIANGLE 


1 


0 


0 


0 


1 


TECTANGLE 


1 


0 


0 


0 


1 


CIRCLE 


D 


1 


0 


1 


0 



Te*T Statists ^Wt*o^Cf^*e*v<y \* -e**US*2«0 



2 0 



4 0 



W2** 

— L- 



1 2 



j 

TlS 
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[07] 



[08] 



%Oraphla Ofcf ect Command Wo 
%TR1ANQLE3 0001 1 
%RECTANQLE4 00 00I 
«CIRCLE 040801 
% 

%OrapWc Objact Statfedcs 

%THlANQl£C0.1);Ctoai» 

%RECTANQLECW.1).(lW,n 

%CIRCL£(40,1Me0.1) 

% 

%T«3d StaiWtea 
%20 6 2 0 3 0 12 
%40300003 

DEFINE 

TRWNQLECWKQ) 

UNE(W.O) 
LNE(W/2J0 

RLE CO) 

> 

DEFINE 

RECTANGLE CW.H.G) 
{ 



UNE(W,0) 
UNE(W,H) 
UNE(0.H) 
LINE (0,0) 

nu.(a) 



MOVERS) 
TRIANGLE(t6.1 3.255) 

M0VE(1.1T) 
RECTANQLE(10,10 r 0) 

MOVECZ4^3) 
CIRCLE (5.1 28) 

MOVEC21.18) 
CIRCLE (3,0) 

MOVECX7) 
TEXT(40,PDL> 

MOVE06) 



RECTANGLE^ 2.2,0) 

MOVE(1B,5) 
. TRlAN6L£(B/i, 1 26) 

WOVE (9,1) 
TEXT(20EXAMPLE) 

MOVE(17.1) 
TEXTgOjtM?^) 

PRINT tWfV* 





. NO 






S fi 5 







g T 



[09] 



CIRCLECFLQ) 
{ 

(C=0 ^522347 

CURVE{R.3jl.K FLK R.R.0.R) 
CURVE(0.a-K R.R^-R.K R.-KO) 

curvei-r a-r,-k r,-k a-ao.-R) 

CURVE(0.-aK R.-R.R-K R.R.0) 
FlLEfG) 

) 



[01 1] 



1 SO 1 



YES 



Sb5 




NO 



Sb 2 



sb4 I 



| Sb 3 



_____ Sb 6 
I Sb 7 



NO 



T 



Sd 2 



Sb8 

Sb8 ♦ 2> J WBttfta ^ 

1 s>y»«n 



[YES 



S b 1 0 



S d 3 



— r 



S d 4 



I 



i* s b i r 



*S3 



S b 1 2 



S d 5 



\ S d 6 



€Ea 

I S d 7 
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[0103 



112] 



crip 

1 S c 1 



I 



S c 2 



Soj 




S c 7 



1 see 










1 S c 0 


I * 


* 1 



QE_D 



NO 





S c 5 





3c 8 



(63) »«jtfttj 



So 2 



SKBfifiT 



S »3 







R)B1W&©<DJBM 




1 



II 33 



1143 



i s f i 



I 



S f 2 




1 S fl 1 
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[015] 



[SI 6] 



JL 



□ □ O 



1 1 1 1 1 1 




■v 


1 x 




1 I 


2 


/ 






[017] 



[018] 




